In the field of Requirements Engineering, goal modelling approaches have received much attention in recent years by researchers and practitioners alike. This chapter identifies the uses of these approaches in different contexts of requirements analysis phases. It examines goal modelling in terms of five methodological orientations and defines a framework for their analysis. Using this framework it provides an analysis of goal modelling approaches in a systematic and consistent manner. The aim of this analysis is to understand the best fit for purpose of different goal modelling approaches and to highlight open issues that provide a foundation for further research in this important area of Requirements Engineering methodology.
This chapter provides an overview of the use of goal analysis methods within the context of the four RE activities: requirements elicitation, negotiation, specification and validation.
Consequently it presents a critique of these methods based on a methodological framework and a set of evaluation criteria. The aim of this analysis is threefold: (a) to understand the coverage of the area and identify possible extensions; (b) to understand the best fit for purpose of different goal-driven approaches ; and (c) to highlight the potential for integration and collaboration between different approaches. Finally, the chapter concludes with a discussion of the current state of the art and insights for future developments.
GOAL-ORIENTED APPROACHES IN RE
Despite the fact that there is no common definition of the RE process, four tasks to be performed have been identified (Loucopoulos and Karakostas, 1995; Nuseibeh and Easterbrook, 2000; Pohl, 1996) :
• requirements elicitation
• requirements negotiation
• requirements specification, and
• requirements validation
Requirements elicitation is about understanding the organisational situation that the system under consideration aims to improve and describing the needs and constraints concerning the system under development. The relevant knowledge about the problem (system) is typically distributed among many stakeholders. The objective of negotiation is to establish an agreement on the requirements of the system among the various stakeholders involved in the process. Requirements specification involves a mapping of real-world needs onto a requirements model. The wider view on RE suggests that requirements specification goes beyond the traditional approach which concentrates on functional requirements modelling and involves the modelling of the enterprise context which provides the purpose of the intended system. Finally, the validation task intends to ensure that the derived specification corresponds to the original stakeholder needs and conforms to the internal and/or external constraints set by the enterprise and its environment. Examination of current research has highlighted a large number of cases where goal analysis techniques have proven successful in different RE contexts. In more detail, modelling of goals has been proposed during requirements elicitation in order to describe the current organisational behaviour (Goal-based Workflow (Ellis and Wainer, 1994) , i* (Yu, Liu, and Li, 2001) , EKD (Kavakli and Loucopoulos, 1999) , GOMS (Card, Moran, and Newell, 1983) ) and set the objectives for change (ISAC (Lundeberg, 1982) , F 3 (J. Bubenko, 1994) ). Equally, goal analysis techniques have been used in the context of requirements negotiation in order to assist reasoning about the need for organisational change and to provide the context within which deliberation occurs during RE (SIBYL (J. Lee, 1997) , the reasoning loop model (Louridas and Loucopoulos, 2000) , REMAP (Ramesh and Dhar, 1992) ). Modelling of goals has also been used in requirements specification to describe how organisational change can be implemented in terms of the new system's components by relating business goals to functional and non-functional system specifications (KAOS (Dardenne, Lamsweerde, and Fickas, 1993) , GBRAM (Anton, 1996) , the NFR framework (Mylopoulos, Chung, and Nixon, 1992) , the Goalscenario coupling framework (Rolland, Souveyet, and Ben Achour, 1998) ). Finally, in the context of requirements validation goal analysis techniques have been used to define the stakeholders' criteria against which the fitness of system components is assessed (GSN (Wilson, Kelly, and McDermid, 1995) , GQM (Victor R Basili, 1993)).
The role of goal-oriented approaches in relation to the four RE activities is summarised in Table   1 . The following section provides an overview of the goal-oriented RE approaches. The discussion is structured around the five areas of concern in RE in which goal-analysis has made significant contribution, indicated in Table 1 .
Using the 5 classes of goal analysis efforts, this section gives a brief description of the main contributions in each class.
Understanding the Current Organisational Situation
Work in this area focuses on conceptual techniques and tools for explicitly capturing and representing, in a structured way, domain knowledge to be subsequently used to drive the system development phases. This falls into two broad categories: enterprise modelling and cognitive task analysis.
Techniques in enterprise modelling describe the business environment as co-operation among different organisational actors, (e.g., human individuals, IT systems, workgroups, etc.) based on the assumption that these actors share common goals and act towards their fulfilment. Enterprise models, implicitly or explicitly, represent the goals of individuals, groups, or organisations, whereby a goal is a desired condition potentially attained at the end of an action (or a process).
Goals are considered a potential motivator to action, and are distinct of plans, procedures or other means of attaining the goal.
The i* approach (J. Castro, Kolp, and Mylopoulos, 2002; Yu, 1997; Yu, Du Bois, E., and J., 1995; Yu et al., 2001 ) provides a description of work organisation in terms of dependency relationships among actors. This approach acknowledges the fact that actors have freedom of action, within the social (inter-actor) constraints, called strategic dependencies. An actor is an active entity that carries out actions to achieve goals. Intentional components i.e., goals to be achieved, tasks to be accomplished, resources to be produced and softgoals (non-functional requirements) to be satisficed, are made specific embedded in the dependencies between actors.
In the goal-based workflow approach proposed in (Ellis and Wainer, 1994) an organisation is seen as a tuple [G, A, R] where G is a set of goals, A is a set of actors, and R is a set of resources.
Actors act collaboratively using resources in order to attain their goals. In goal-based workflow the focus is on people and goals rather than on procedures and activities. Finally, in the EKD approach (Kavakli and Loucopoulos, 1999; Loucopoulos and Kavakli, 1997; Loucopoulos et al., 1997) , a business enterprise is described as a network of related business processes which collaboratively realise business goals. To this end, it uses a 'network' of goals that are used to express the causal structure of an enterprise, in terms of the goals-means relations from the 'intentional' objectives that control and govern the system operation to the actual 'physical' enterprise processes and activities available for achieving these objectives.
Techniques in Cognitive task analysis are focused on human tasks (e.g., GOMS (Card et al., 1983) ). In this context, a goal (also called an external task) is defined as a state of a system that the human wishes to achieve. A goal is achieved using some instrument, method, agent, tool, techniques, skill or generally, some device which is able to change the system to the desired state.
A task (or internal task) is defined as the activities required, used or believed to be necessary to achieve a goal using a particular device. A task is a structured set of activities in which actions are undertaken in some sequence. An action is defined as a task that involves no problem solving or control structure components.
Understanding the Need for Change
Work in this area focuses on methodologies for planning, organisation and control of enterprises.
Discussion of goals in this context is considered not at an individual level but at a broader organisational level.
In the Information Systems Work and Analysis of Changes ISAC (Lundeberg, 1982) approach, goal analysis is considered during the early stages of requirements engineering, namely during the business change analysis phase. The purpose of the analysis is to ensure that the business problems to be solved are identified and that these problems are diagnosed correctly. The relation between problems and goals can be represented by means of a problem/goal matrix. Use of this matrix assists the identification of clusters of similar problems that relate to similar goals. Each cluster defines a "change need" that will act as a goal of the development process. A richer formalism for expressing goals and goal relationships for change is described in the Objectives Model (OM) of the F 3 framework (J. Bubenko, 1994; Loucopoulos, 1995) . The OM is used for describing the intentional and motivational perspective of the enterprise, i.e. the enterprise goals along with the problems obstructing goals achievement. It is used as a good 'conversation' tool between enterprise stakeholders for understanding current problems and explicitly identifying future goals and opportunities.
Providing the Deliberation Context of the RE Process
Work in this area aims at providing appropriate conceptualisations of the RE process as well as supplying methods for improving activities such as problem solving and decision making during RE (Loucopoulos, Louridas, Kavakli, Filippidou, and Tzanaki, 1996; Louridas and Loucopoulos, 2000) . In this context, goals have been used in order to document and subsequently trace the history of the rationale of decisions concerning either the system which is being designed, or the design process itself.
SIBYL (J Lee and Lai, 1991 ) is a system designed to help users represent and manage the qualitative elements of the decision making process. SIBYL is organised around decision graphs, which record the pros and cons of choosing from a set of alternatives to satisfy a goal. In the reasoning loop model (Loucopoulos et al., 1996; Louridas and Loucopoulos, 2000) a generic non-prescriptive approach is presented that combines informational with operational primitives in order to define, reason about and resolve design problems. In particular it employees the notion of goal to denote designer's intentions (e.g., objectives to be reached, demands to be satisfied, problems to be solved). Achieving these goals is based on the generation of hypotheses as to the design actions to be taken which in turn produce or affect the design artefacts.
A similar approach but with a stronger focus on capturing the design rationale during RE in a structured manner is REMAP (Ramesh and Dhar, 1992) . The REMAP model is based on the IBIS design rationale model (Rittel and Weber, 1973) and uses goals to provide the context in which design deliberations occur in RE. A goal expresses a capability that must be met in order to meet user needs, to solve a problem or to achieve an objective. Goals drive the argumentation process the outcome of which is the definition of a design solution that satisfies the initial goals.
Satisfying the goals generally requires the introduction of further goals leading to a network of goals.
Relating Business Goals to Functional and Non-functional System Components
Work in this area is based on the premise that systems components satisfy some higher goal in the larger environment (Loucopoulos and Kavakli, 1995) . By putting emphasis on goal analysis goaloriented approaches explicitly link business needs and objectives to system functional or nonfunctional components.
The relationship between business goals and the intended functionality of a systems and its quality has been addressed in terms of three broad categories: goal elaboration, scenario definition and non-functional requirements definition.
In goal elaboration, KAOS (Dardenne et al., 1993; Darimont, 1995; Lamsweerde, Darimont, and Massonet, 1995; Letier and van Lamsweerde, 2002) highlights the importance of explicitly representing and modelling organisational goals and their relations to operational system components is explicitly stated. The KAOS methodology is aimed at supporting the process of requirements elaboration -from the high level goals that should be achieved by the composite system to the operations, objects and constraints to be implemented by the software. GBRAM (Anton, 1996; Anton, Carter, Dempster, and Siege, 2001) , offers prescriptive guidelines on how to extract goals from different sources into one ordered goal set are offered. The operationalised goals, responsible agents, stakeholders, scenarios and obstacles are ultimately consolidated into a set of goal schemas.
In many scenario approaches (e.g., (Leite and Haumer, 1997)) goals are considered as a contextual property of a scenario i.e., a property that relates the scenario to its organisational context. Cockburn (Cockburn, 1995) goes beyond this view and suggests the use of goals to structure scenarios by connecting every action in a scenario to a goal assigned to an actor. In a similar way (Ben Achour, Rolland, and Souveyet, 1998) proposes the organisation of scenarios using goal hierarchies. A goal is defined as something a stakeholder hopes to achieve in the future, whilst a scenario expresses a possible way in which the goal can be achieved. By assigning goals to scenarios and organising the goals using three types of relations (refine, AND, OR) a structure for managing scenarios is also established. An interesting aspect of this approach is that it advocates a bi-directional goal-scenario coupling: just as goals can help in structuring scenarios, scenarios are also used to discover new goals.
In non-functional requirements (NFR) definition, (Chung, Nixon, Yu, and Mylopoulos, 2000; Mylopoulos et al., 1992 ) define a framework which provides for the representation of nonfunctional requirements in terms of interrelated goals. Such goals can be refined through refinement methods and can be evaluated in order to determine the degree to which a set of nonfunctional requirements is supported by a particular design. The NFR model consists of goals that represent non-functional requirements (NFR goals), design decisions (satisficing goals), and arguments in support or against other goals (argumentation goals); and goal relationships for relating goals to other goals.
Validating System Specifications against Stakehoders' Goals
System validation aims at certifying that the produced system specification is in accordance with the users' needs. The objective is to ensure a solution which is right for the user needs rather than a correct (i.e., consistent and unambiguous) specification.
System validation is of major importance especially when dealing with the design of safetycritical applications. To this end, validation is performed through the construction of a safety case, a collection of documents and data which together present clear, comprehensive and defensible arguments that an application will be acceptably safe throughout its life. In this context the modelling of goals have been suggested in order to: (i) give safety cases a better structure; (ii) explicitly link safety goals to analysis results and evidence; and (iii) make rationale, assumptions and justifications explicit. For example in the safety case approach described in (Kelly and McDermid, 2001; Wilson et al., 1995) a goal structuring notation (GSN) was developed with which it is possible to express safety requirements as goals. The notation is also rich enough to capture assumptions, justifications, proof in the general sense, and rationale.
An alternative approach to system validation is to define a set of metrics (qualitative or quantitative) against which system properties can be measured. Again, the use of goals has proven useful in this context. In particular, the GQM (Goal-Questions-Metrics) approach by Basili (Victor R Basili, 1993; V.R. Basili and Rombach, 1988) supports the identification of metrics from goals through the use of appropriate questions. The construction of a GQM model starts with the formulation of the measurement goals. Each goal is refined into a set of questions which collectively represent an operational definition of the goal at hand. Each question in turn defines a number of metrics. The GQM process of setting goals and refining them into quantifiable questions is supported by a template for defining goals as well as a set of guidelines for deriving questions and metrics. Aspects of GQM are supported by software tools such as GQMaspect (Hoffmann, Birk, van Els, and Kempkens, 1996) .
ANALYSIS AND CRITIQUE OF CURRENT APPROACHES
The previous section has presented an overview of the different research areas within RE where goals are considered as important constructs. It demonstrated that goals have been used within different RE activities, aiming to achieve a number of different objectives (indicated in Table 1 ).
This section provides a critical analysis of the different strands of goal-driven RE research, based on a common framework for understanding goal-oriented approaches. The proposed framework is loosely based on the four worlds framework originally proposed for system engineering (Mylopoulos, 1992) . Using this framework we look at goal modelling in a comprehensive manner and reflect on current investigations and open issues that provide a foundation for further research.
Figure 1: A Framework for understanding goal-oriented approaches
The usage view concerns the objectives of using goal modelling in RE. Section 2 differentiated between five distinct objectives of goal analysis namely: (1) understanding the current organisational situation; (2) understanding the need for change; (3) providing the deliberation context within which the RE process occurs; (4) relating business goals to functional and nonfunctional system components and (5) validating system specification against stakeholders' goals.
The subject view looks at the notion of a goal and its nature. Initially, it seems difficult to discern a uniform notion of goal in RE. Indeed, the term goal has been used in different approaches to convey several meanings, including human tasks, problem solving outcomes, desired states of the world, target concepts of human behaviour, policies and orientations for acting, and so on.
However, if we look at the different goal concepts in the light of their suggested usage, it is possible to abstract three types of goal namely, enterprise goals, process goals and evaluation goals.
In more detail, when goal modelling is used to understand the existing organisational situation then the focus is on current enterprise goals, which describe what the organisation currently wishes to achieve. These goals may refer to individual actors' goals or they can describe business wide objectives. In a similar way, approaches using goal modelling to describe how business goals relate to functional and non-functional system components focus on future enterprise goals that define a desired situation one wishes to reach in the future.
Approaches that use goal analysis in order to understand the need for change or to provide the deliberation context within the RE process mainly put emphasis on process goals. Process goals designate any demand to be satisfied, problem to be resolved, issue to be discussed, in general anything that may arise during the RE process and requires effort to be effected, anything that can act as a goal of the RE process.
Goal-oriented approaches aiming to assist RE validation focus on evaluation goals that signify the stakeholders' criteria against which a system specification can be assessed. The notion of evaluation goals is orthogonal to the other two types of goal in the sense that they may refer both to the evaluation of the outcome of RE (the organisational system into consideration) as well as the evaluation of the RE process.
The representation view concerns the way goals are expressed. Goals can be expressed in a variety of formats, using more or less formally defined notations. We differentiate between informal, semi-formal and formal approaches. Informal approaches generally use natural language text to express goals; semi-formal use mostly box and arrow diagrams; finally, in formal approaches goals are expressed as logical assertions in some formal specification language.
Finally, the development view concerns the way that goal models are generated, and evolve. This view considers the dynamic aspects of goal driven approaches, i.e., the proposed way-of-working and the tool support provided for enacting this way-of-working.
Using the framework of usage, subject, representation and development dimensions, it is possible to evaluate each approach against a set of criteria as shown on Table 2 . The results indicate how each approach fits the framework and provide a comprehensive overview of current threads in goal-oriented research.
Regarding the usage perspective, current goal-oriented approaches have demonstrated that the use of goal analysis offers benefits and advantages in almost every stage involved in the RE process.
This broad applicability of goal concepts in RE suggests that the elucidation and manipulation of goals is a natural and inherent part of doing RE, even though earlier RE methods have not made this explicit, and have not provided the associated support. This interpretation is plausible since requirements by their very nature represent a target to be reached, a wish to be fulfilled, a vision to be materialised.
Nevertheless, Table 2 also indicates that research in the area is fragmented. Coverage of the area tends to focus each time on specific RE issues, whilst no research has so far taken place in order to define the overall role that goals could play in RE. Furthermore, contributions from different frameworks seem to complement each other, thus by putting the various goal-based approaches together, one could obtain a stronger framework that takes advantage of the contributions from the many streams of goal-oriented research.
Regarding the subject view, the majority of goal-oriented research puts emphasis on enterprise goals and how they shape the system (organisation) into consideration; that is the product of RE.
Fewer approaches stress the need to model process goals that drive the RE process, whilst only two approaches (GSN and GQM) put emphasis on the role of goals in system evaluation. Almost none of the approaches seek to understand the interdependencies between the various notions of goal within the field. = suggest a number of steps and associated strategies M = support for model construction, F = formal reasoning support, G = process guidance Goal-oriented research so far has mainly focused on the representation aspects of goal analysis.
Indeed, a number of formats have been proposed for expressing goal concepts.
Semi-formal is the most widely used technique for goal model representation. Semi-formal models are imprecise in the sense that: (a) the meaning of goal modelling entities is described solely by the name given to it in the diagram and (b) the relationships between entities are loosely defined. Nevertheless, these models do provide an adequate basis for discussion between stakeholders and they also establish a framework for further analysis. Using these models stakeholders can confirm their shared view of the situation and agree the boundary within which a more detailed analysis will be performed.
Three out of the five formal approaches considered (REMAP, NFR, i*) use the Telos language to formally define their models. The popularity of Telos is due to its ontological extensibility. This allows the capture of the semantics of one level at upper meta-levels inside Telos itself, thus allowing the definition of a customised conceptual language (Greenspan et al., 1994) . In KAOS goals are formalised according to the pattern of behaviour they require, using temporal logic. In particular four generic goal patterns have been defined:
G ⇒ ◊ Q Q holds in some future state o Cease: G ⇒ ◊ ¬ Q There will be some point in the future that Q will not hold o Maintain: G ⇒ Q Q holds in all future states o Avoid: G ⇒ ¬ Q Q will never hold in the future Often approaches (e.g., the NFR framework, i*) combine diagrammatic with formal techniques.
The most commonly used notation for representing goal models is that of a goal decomposition tree (or graph) much in the spirit of AND/OR trees.
Structured language has also been proposed as an alternative to formal assertions. For example
Goal-scenario coupling and GQM propose a faceted template in order to express goals. The idea is that a structured language is formal enough to allow for formal manipulation of goals (for example it will allow for indexing and retrieval of goals, or for checking for goal similarities or conflicts) whilst still allowing the flexibility of using a 'natural' language and not mathematical assertions.
Formal approaches generally intend to provide consistent, unambiguous and precise representations of goals. They also provide the basis for useful tool support for goal analysis activities since they have well defined formal semantics. However, they lack the freedom necessary to adequately support goal elicitation (e.g., to allow conflicts and inconsistencies among goals), and they lack the simplicity, flexibility and ease of use of semi-formal representations. Thus, semi-formal and formal representations are best seen as complementary contributing to an evolving framework for expressing goals.
Whilst goal-oriented research pays much attention to specification language issues, it only roughly addresses the way of producing a specification (i.e., the development world). In fact, none of the approaches describes an explicit way-of-working model. However, few approaches (namely, i*, EKD, ISAC, KAOS, GBRAM, NFR framework, and Goal-scenario coupling) do prescribe a number of steps and associated techniques that can be applied when performing goal modelling.
Regarding tool support, a number of approaches supply modelling tools, which can be used to specify and store goal modelling concepts and their relationships (e.g., the i* Organisational
Modelling Environment, the EKD Delos software, the NFR Assistant, the KAOS GRAIL environment, etc). In approaches that support formal representation of goals the tools can also offer some reasoning capabilities regarding for example, the consistency and satisfiability of goal structures, goal correctness, etc.
However, none of the approaches offer adequate methodological support in order to deal with the complexity of the goal analysis process. Goal analysis is assumed to be a well-structured process based on the analysis of existing documents or interviewing experts. However, enterprise goals are more the outcome of the interaction between stakeholders rather than pre-existing in documents or even the stakeholders' minds. Moreover, due to the different interests and roles of stakeholders, several often conflicting goal views may exist. Despite the fact that goals pertain to stakeholders, very few approaches support stakeholder involvement in the goal modelling process. In particular, there is a lack of techniques for identifying potential stakeholders, organising stakeholder workshops, or facilitating stakeholder cooperation.
Furthermore, very few approaches provide any assistance to RE participants during process enactment. Even when they do (ISAC, F 3 , GBRAM, GQM) this assistance takes the form of heuristics rather than systematic guidance. The only exception is the goal-scenario coupling method (Ben Achour et al., 1998) where goal analysis guidelines are embedded as rules in the supporting CREWS-L'écritoire tool.
Finally, it should be noted that although there is a great interest in goal analysis methods for RE there is still not enough practical evidence from applying goal analysis methods in real life applications (though a number of industrial case studies have been reported in (Chung and Nixon, 1995; Kavakli and Loucopoulos, 1999; Lamsweerde et al., 1995; Rolland, Grosz, and Regis, 1999; Rolland, Loucopoulos, Kavakli, and Nurcan, 1999; van Lamsweerde, 2001) ).
Comprehending the practical implications involved in using goal analysis methods in practice is a real issue.
Discussion
The need for developing an overall view of goal concepts and goal-oriented approaches has also been argued in (Yu and Mylopoulos, 1998) Rather than providing a comprehensive framework for analysing the contribution of alternative approaches, the objective of these works has been mainly to stress the significance of goal concepts in RE and to draw the attention of the research community to goal-driven RE. In this sense, they focus on specific views of the four worlds framework whilst neglecting others. In particular, (Yu and Mylopoulos, 1998) focus on the usage view whilst in (van Lamsweerde, 2001) the emphasis is on the representation and development views.
The advantage of the analysis framework presented in this chapter is that it provides an overall picture of goal-oriented research, enabling researchers to identify possible extensions (e.g. the need for methodological support). It also assists requirements engineers to understand and accordingly select the best fit for usage goal modelling method.
For example, let us consider a BPR project concerning the reorganization of an electricity distribution company due to market deregulation. In order to meet the conditions in the competitive market the company needs to re-examine and improve the way of servicing its existing customers as well as to adopt new ways of working for servicing eligible customers. The implications of these forces on this organisation is that any reform, requires, prior to (re-) designing business processes and support information systems, a clear understanding (and a sharing of this understanding between many stakeholders) of the current enterprise situation.
Thus, a goal modelling approach such as the i* strategic dependency modelling method or EKD, that focus on understanding the current organisational situation should be used.
Alternatively, a software engineering project concerning the development of a corporate knowledge repository may start with a ready plan to introduce a particular information system, i.e., the need for change has already been analysed and the future business goals have been identified. In this case, the objective of the requirements engineer would be to relate these business goals to the system functional and non-functional requirements and therefore, a method such as KAOS, or Goal Scenario Coupling would be appropriate.
The applicability of a particular method is, however, not entirely determined by the functionality that is needed but also by other non-functional or situational factors, relevant to a particular RE project.
For example, in the above BPR project if the organisational actors are not used to working in groups in a participative way, they will probably feel awkward will not contribute as intended if the selected method requires their active participation in workshops with presentations and discussions in a co-operative manner. In this case, an approach based on interviews and consultations of enterprise experts would better fit the particular organisational culture.
Similarly, in the software engineering project if the desired software solution is not clear then an explorative method based on the examination of alternative scenarios may be preferable to an approach where the solution is prescribed by experts.
Other situational factors that affect the applicability of a method may include the use of appropriate tools that facilitate method execution and the familiarity of requirement engineers with the applied strategies and supporting technologies. The implication of these observations is that the selection of a particular method cannot be fully prescribed. Furthermore, even when one follows a certain goal modelling method the situational factors dominating the project may cause a number of adaptations to it.
Another observation is that additional benefits can be gained by integrating different methods.
Such integration may also be usage-driven. For example, let us consider the i* strategic dependency modelling approach. i* focuses on the 'early' stages of RE in that it emphasises the need to understand the enterprise goals and how they shape the behaviour of organisational actors. On the other hand, the KAOS approach assumes adequate knowledge about the current organisational state and focus on relating enterprise goals to the system functional and nonfunctional requirements. The combination of the two approaches can lead to a more complete
methodology. An example of this type of integration is found in (Dubois, Yu, and Petit, 1998).
Method integration could also be development-driven. Indeed, even if two methods serve the same RE function they differ in the strategies that they use in order to perform goal analysis. For example, the ISAC approach suggests a prescriptive strategy, whereby knowledge about goals is founded on the prescriptions given by organisational experts. The EKD approach advocates a descriptive strategy whereby knowledge about goals is abstracted from current practice. The KAOS approach and the NFR framework suggest a reuse strategy, which supports the reuse of knowledge acquired in similar domains. Alternatively, the Goal Scenario Coupling approach advocates an explorative strategy whereby knowledge is made 'visible' by means of systematic investigation of alternative scenarios. By combining alternative strategies it is possible to improve the usability of a method and / or the quality of the produced goal models.
It should be noted that any type of integration should also take into consideration the system and representation views in order to ensure compatibility between different methods and consistency between the different goal representation formalisms. Initial analysis of the goal concepts used in different approaches (Anton, 1996; Pratt, 1997) shows that integration of goal models resulted from different methods is feasible, additional work is required however, in order to efficiently manage different formalisms and notations used in different approaches for expressing goal concepts.
CONCLUSION AND FUTURE TRENDS
This chapter reviewed and analysed the use of goal analysis techniques within different RE activities. The main conclusions are:
there is a variety of purposes and uses of goal models in RE,
(ii) goal models deserve to be treated as important design artefacts, and (iii) further research is necessary in order to be able to understand the role of goal analysis across different RE activities and offer better methodological support for performing goal-driven processes.
Stakeholder goals and their role in defining and solving design problems are topics of longstanding interest in the field of requirements engineering. Goal analysis approaches emphasise the use of the goal notion in order to understand or describe aspects of the real world, in an attempt to rationally find better ways of coping with the complexity of human affairs. Much of the work has been confined to the research domain and it is indeed a challenge to researchers, method engineers and practitioners to facilitate the transition of these techniques from the research laboratory to practical use. Some tentative efforts are beginning to come forth (J. F. B.
Castro, Silva, and Mylopoulos, 2003) but much more is needed in terms of education and training as well as adoption of the goal modelling paradigm in mainstream development methods.
In terms of further research directions there are a number of areas in which goal modelling could facilitate interesting developments and the remainder of this section elaborates on these themes.
According to Norman people act by forming goals (Norman, 1989) . Norman defines a goal as simply something that one wishes to achieve, something that needs to get done. 
Goal evaluation
In terms of the RE process these three tasks are perceived as cognitive tasks which are mirrored in the conceptual models employed by the designers. These models become the design artefacts, the results of the designing. This top-down goal decomposition view of design involves a teleological view on the whole process, the term teleological being used to convey the fact that whatever is done during the process, is done in order to identify the means by which the ends stated will be satisfied.
The concept of 'goal' in the requirements specification process therefore, could simultaneously reflect an enterprise or stakeholder requirement and the goal of the designer in attempting to meet these requirements. The task of someone using goal modelling is to determine the means by which an ultimate goal, let us call it G 0 , will be realised. In attempting to achieve this, the process is governed by causal relationships between goals in a network of goals. That is, a directed edge from a goal G i to another goal G j implies that the achievement of G i depends on the achievement of G j . At every step of the process, the process is controlled or driven by the goal on hand. Every node represents successively refined design goals.
The actions chosen for attaining the goals represent working hypotheses. As goals and subgoals are established, these are tentative at least until they are tested about their fitness of purpose, ie the satisfiability of higher goals. This observation has its roots in the Principle of Rationality (Newell, 1982) which states that "if an agent has knowledge that one of its actions will lead to one of its goals then the agent will select that action". However, an agent may not have complete knowledge to make the appropriate action, or the set of actions may be so complex that it is impossible to determine the single correct set of actions that will lead to the achievement of the goal. In this more general sense, the Principle of Bounded Rationality (Simon, 1982) which states that "given a goal, an agent may not possess perfect or complete knowledge of, or be able to economically compute or access, the correct action (or sequence of actions) that will lead to the attainment of the goal" will apply. Therefore, any actions chosen by an agent in order to achieve a given goal will, in general, be a hypothesis that the actions will lead to the achievement of the goal.
A practical implication of hypothesis formulation, is the presence of design constraints.
Requirements constrain the design solution and the exact balance of satisfying these requirements cannot be known in advance of producing a design. Consider for example, an Air Traffic Control (ATC) system that is being commissioned for design. The client, the airport authority, may have a goal of 'increasing throughput of aircrafts', the users, the air traffic controllers may have as a goal 'reducing stress at work' and the legislators 'conform to safety regulations'. These three goals, three requirements, are at least to some extent in conflict, they interact negatively. How should they be satisfied, if at all? Should they be considered at the outset and arbitrarily assigned some priority? How do they interact with other goals of other stakeholders (or even of the same stakeholders)? The designer will need to explore various possibilities for the balance of satisfaction of the above three requirements. Some requirements, such as that of the legislator, will be value free, in other words they are not open to discussion and negotiation. Others however, would need a value judgement in order to ascertain the degree of satisfiability offered by different designs.
Design constraints arise from required or desired relationships between two or more elements.
These relationships may refer either (a) entirely to elements of the object being designed, in our example the air traffic control system for an airport or (b) elements between the object being designed and its environment, in our example this might be a compatibility relationship between the designed system and other air traffic control systems. The former are referred as internal and the latter as external constraints. Whereas the former are under the direct control of the designers, the latter are normally outside their influence. Constraints may be generated from different categories of 'stakeholder' such as client, user, legislator and even the designer.
The need for hypothesis formulation and testing and the role of design constraints in a development process highlight the need for appropriate mechanisms to facilitate these two important design activities. To date the majority of goal-driven approaches in RE focus on the conceptualisation of the problem space with the assumption that the models thus produced are sufficient for the evaluation of alternative designs. Whilst most approaches recognise that the value of goal modelling is in tackling synergistically concerns relating to organisational, system and design process issues, little attempt is made in tackling the issue of system complexity. This complexity is not so much a result of voluminous components (although this could indeed be true in some cases) but, rather because of the behavioural characteristics of business processes. Even in systems with a relatively small number of parts, changes that involve the simultaneous change of many variables, some of which may be distant in space and time, can be difficult or impossible to understand without appropriate support mechanisms (Brehmer, 1989; Paich and Sterman, 1993; Sterman, 1989 ).
The advantages of conceptual modelling over informal, natural language descriptions are well documented (J. A. Bubenko, jr, 1979; Loucopoulos and Zicari, 1992; Mylopoulos, 1992) . Current goal modelling approaches deal well with the need for externalising knowledge that in general is personal, subjective and situation dependent (Nonaka, 1994; Polanyi, 1966; Stenmark, 2001) , and through the common medium of the conceptual model to assist stakeholders gain insights into the problem and through this to arrive at an agreed set of requirements. However, eliciting and developing maps of stakeholders' mental models (in the so called qualitative models) are not normally sufficient by themselves for achieving stakeholders' agreement. Models need to be subjected to 'testing' in order to understand the implications of changes to a system component on the overall behaviour of the system. Stakeholders experience difficulties in understanding the dynamics of the system even for the simplest of structures (Loucopoulos, Zografos, and Prekas, 2003) . The absence of parameters, inputs, initial conditions and generally of factors that are needed for testing these qualitative models, greatly diminish their value as tools to understanding phenomena of the world. For without testing of the models it is impossible to comprehend their implications by merely observing, walking through, and debating about their contents. Nor is it always feasible to test them through observations from experimentation in the real world.
Often the only practical option to test these models is the use of simulation. Testing qualitative models through simulation has been approached with some caution by some authors (c.f. (Lane, 1994) ) but on the whole the rigorous testing offered by simulation has proved to be of indispensable value (Barlas and Kanar, 2000; Eddins, Crosslin, and Sutherland, 1991; Homer and Oliva, 2001 ). Furthermore, Lang shows that qualitative and quantitative properties are not mutually exclusive and both facets are required to support business scenario analysis (Lang, 2000) . Simulation imposes rigorous testing that removes ambiguity, exposes alternatives to stakeholders and effectively removes any affectation towards the models driven by personal biases or political factors.
Through simulation it is possible to develop scenarios of system behaviour for a variety of concerns, such as human computer interaction (Carroll, 2000) , software development (AbdelHamid, Madnick, and Sloan School of Management. Center for Information Systems Research., 1988) and requirements engineering (Carroll, 2002; Filippidou and Loucopoulos, 1997; Potts, Takahashi, and Anton, 1994) . A common feature of scenarios in all these domains is their use in examining alternative future situations. According to Carroll, scenarios support the way of working of experts working on ill-structured problem settings such as planning and design (Carroll, 2002) . Scenarios encourage group brainstorming through which participants could focus on alternative solutions and to envision potential behaviour of the system prior to its implementation. This design paradigm, often referred to as 'solution-first strategy' has been defined as "…a strategy that involves generating a provisional design solution as a method of identifying requirements" (Carroll, 2002) . This encourages stakeholders
to first define what they consider as important aspects of the problem. They may then develop tentative designs in their scenario analysis sessions to ascertain whether anything else can be discovered about the problem.
